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Highly sensitive differential scanning calorimetry has been employed to study the phase transitions of A. luidkzwii membrane. The DSC curves 
obtained show five distinct transitions between 20 and 80°C which contain a reversible lipid thermotropic transition at about 37°C and four 
irreversible denaturation transitions of the membrane proteins occurred at about 44°C 52°C 62°C and 67”C, respectively. Total enthalpy of the 
thermal denaturation of membrane proteins is 3.4 f 0.5 Cal/g. Further study of A. luidluwii membrane preparations by means of thermal gel analysis 
and enzyme acitvity measurements at various temperatures provided information that the third peak (C transition) of the DSC curve involved 
prima&y with Mg”-ATPase on A. luidlawii membranes. 
A. laidlawii membrane; Mg*‘-ATPase; DSC 
1. INTRODUCTION 
Mycoplasma laidlawii membrane as a convenient 
model for biomembrane has been studied by calori- 
metry. It has been confirmed that the membrane lipids 
in living Mycoplasma laidlawii exhibit a phase transition 
characteristic of that from crystal to liquid crystal 
within the bilayer conformation [l]. Recently, with the 
advent of highly sensitive differential scanning calori- 
metry, it has been possible to monitor directly the ther- 
motropic properties of individual components within 
heterogeneous biological membrane [2], DSC was also 
used to study ligand-protein interaction [3], local anes- 
thetic effects on F,-ATPase and submitochondrial par- 
ticles [4] and conformation shifts of proteins [5,6]. How- 
ever, calorimetry in itself is not extremely useful in iden- 
tifying particular membrane components that are in- 
volved in structure transition. A method, thermal gel 
analysis (TGA), has been developed and the application 
of this technique to the transition of erythrocyte ghosts 
gives further information on the participation of specific 
proteins in these transitions [7]. In other words, the 
temperature which corresponds to the loss of the gel 
area (T& for a particular protein band should be iden- 
tical with the midpoint (T,,,) of the calorimetric transi- 
tion of the proteins which are actually a participant in 
the transition. 
Although lipid-protein interactions of A. laidlawii 
membrane have been studied [8,9], a calorimetric study 
of A. Zaidlawii membrane with sufficient resolution to 
Correspondence address: J.-W. Chen, Institute of Biophysics, Acade- 
mia Sinica, Beijing 100101, China. Fax: (86) (1) 202-7837. 
identify thermotropic transition of proteins has not 
been made. In the present paper, measurements of the 
endothermic transition of A. Zaidlawii membrane are 
presented by highly sensitive DSC. The results suggest 
that the Mg”-ATPase of A. laidlawii membrane is par- 
ticipant in the C transition. 
2. MATERIALS AND METHODS 
2.1. Materials 
A. luidluwii AIH089 was obtained from the Institute of Husbandry 
and Veterinary Medicine, Jiangsu Academy of Agricultural Science. 
The growth, harvest and lysis of cells and isolation of membrane were 
referred to the previous paper [lo]. All reagents were of analytical 
grade. 
2.2. Calorimetry 
Experiments were performed with a microccal MC-2 differential 
scanning calorimeter operating at a scanning rate OS”C/min. The 
buffer used in scanning calorimetry experiments was 50 mM Tris/O. 15 
M NaCUlO mM /I-mercaptoethanol (pH 7.4). A 1.21 ml aliquot of the 
suspension of A. laidlawii membranes at a concentration of 4 mg/ml 
was added to the sample cell, and an equal volume of buffer was added 
to the reference cell. The samples were carefully degassed before the 
calorimeter was loaded. 
2.3. Thermal gel analysis 
Individual aliquots of membrane sample in above buffer (2 mg/ml) 
were heated at designing temperature for 10 min. The samples were 
solubilized by the addition of solubilization buffer: 2% Triton X-100, 
0.1% deoxycholate and 10% glycerol (final concentration). After incu- 
bation at 37°C for 15 min, the samples were electrophoresed on 0.1% 
Triton X-100 3-8% polyacrylamide gradient gels [IO]. The gels were 
stained by Coomassie blue and scanned by Hitachi CS-910 at 590 nm. 
The peak areas for each band were determined with a planimeter, and 
the areas were normalized with respect o the 38°C sample. The nor- 
malized area was then plotted vs. temperature to obtain the curves 
from which the thermal midpoint (T,,,) was determined [7]. 
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2.4. Determination of enzyme activity 
The suspension of A. laidawii membrane (2 mg/ml) was incubated 
at a rate close to that of calorimeter in water bath. 50~1 of the sample 
was removed at various temperatures and cooled to room tempera- 
ture. The Mg*‘-ATPase activity was measured according to the proce- 
dure of Pollack et al. [l I]. 
The protein concentration was estimated by the method of Lowry 
et al. [12], using bovine serum albumin as the standard. 
3. RESULTS AND DISCUSSION 
transitions with native membrane. It seems likely that 
each of the calorimetrically observed transitions repre- 
sents the denaturation of more than one type of protein 
molecule. C transition in calorimetry involved primarily 
with the Mg”-ATPase of A. laidlawii membranes (see 
below). The total enthalpy of the denaturation endoth- 
erm, 3.4 ? 0.5 Cal/g of membrane protein, is lower than 
the value reported for submitochondrial particles, 5 & 1 
Cal/g of SMP protein [4], is similar to 34 cal/g of mem- 
brane protein of erythrocyte membrane [15]. 
Highly sensitive differential scanning calorimetry has It is of interest o determine whether the calorimetric 
been used as a useful tool in the study of the structure transitions can be associated with particular protein. 
and phase behavior of biological membrane [13,14]. The thermal gel analysis method which is capable of 
Earlier studies have shown that for the plasma mem- providing detailed information on the participation of 
branes of Mycoplasma laidlawii, two thermal transitions proteins in various cooperative structural changes oc- 
were observed, a reversible transition attributed to curring in the membranes has been employed [7]. In a 
membrane lipids and an irreversible transition at higher prior study, the A. Zaidlawii membranes were solubilized 
temperature attributed to denaturation of the mem- in 2% Triton X-100 followed the samples were electro- 
brane protein [l]. But, the heat capacity curves were phoresed on 0.1% Triton X-100 polyacrylamide gradi- 
dominated by a reversible lipid phase transition making ent gels [lo]. Shown in Fig. 2 are gel scans taken from 
it difficult to study the contribution from the protein the identical sample which had been heated to the desig- 
components. Under our experimental conditions, five nated temperature. The band 1 remains unchanged up 
distinct thermal transitions of A. laidlawii membrane to a temperature of 48°C. After that it decreases quickly 
are observed (Fig. la). A transition with T,,, of 37 * 1°C from the gel and disappears near 65°C. A plot of the 
is reversible, checked by reheating the sample after it relative area of band 1 against temperature is given in 
had been cooled to room temperature in the calorimeter Fig. 3. It shows the temperature which corresponds to 
and is known as crystalline to liquid-crystalline phase the 50% loss of the gel area (T,,,) due to denaturation 
transition of the membrane lipids (Fig. lb). This T,,, is of Mg2+-ATPase is 51 + 1°C. Obviously, it is very close 
similar to the value reported for rat intestinal plasma to the T, of C transition obtained by DSC experiments. 
membrane [ 131. The broad transition of membrane lipid We have confirmed by Coomassie blue and ATPase 
may be caused by complex mixtures of lipids with different activity staining method that the band 1 in the gel pat- 
transition temperature. In contrast to the endothermic tern attributed to Mg2’-ATPase and there were no other 
transition of membrane lipids, the higher temperature proteins in the vicinity of the enzyme activity band [lo]. 
transitions are irreversible and occur at 44 f 1°C (B), From these results, one might predict that the C transi- 
52 + 1°C (C), 62 + 1°C (D) and 67 + 1 “C (E), respec- tion of DSC curve contributed mainly to Mg2’-ATPase 
tively (Fig. 1). The protein denaturations gave broad of A. laidlawii membranes. The thermal denaturation 
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Fig. 1. Differential scanning calorimetry traces of A. Zaidawii membranes in 50 mM Tris-HCVO.15 M NaCl/lO mM j&mercaptoethanol, pH 7.4 
(a), and second scan of the same membrane preparation after denaturation of protein (b). 
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Fig. 2. Polyacrylamide gradient gel electrophoresis of A. laidluwii 
membrane heated to different maximum temperature. The gels were 
stained by Coomassie blue and scanned at 590 nm. (a) 38”C, (b) 48°C 
(c) 53°C (d) 65°C. 
TEMPERATURE “c 
Fig. 3. Relative peak areas for band 1, MgZ’-ATPase, plotted as a 
function of the maximum temperature to which the membranes were 
heated. The area of sample at 38°C was taken as 100%. 
TEMPERATURE t 
Fig. 4. Relative activities of Mg*‘-ATPase of A. laidlawii membranes 
after thermal denaturation at different temperature. The value of 
enzyme activity at 37°C was taken as 100%. 
temperature of Mg*+-ATPase of A. Zaidlawii s lower 
than that of ATPase of chloroplast membranes and 
F,-ATPase prepared from beef heart submitochondrial 
particles the T,,, being 66°C and 80.5”C, respectively 
[14,16]. 
Another method called thermal denaturation experi- 
ments also gave similar information about the Mg2+- 
ATPase of A. laidlawii membrane might be responsible 
for the C transition. Fig. 4 showed that temperature 
( TD) which lost 50% of the activity of Mg2’-ATPase was 
53 ? 1°C fairly close to T,,2 and T,,,. The Mg2’-ATPase 
of A. laidiuwii membrane has been shown to be tightly 
associated with the cell membrane [17]. It is an integral 
protein and depends on membrane lipids for its activi- 
ties [18]. So, the changes of physical state of the mem- 
brane lipids, from an ordered crystalline to a liquid 
crystalline phase, may have an influence on the activities 
of membrane-associated Mg2’-ATPase. However, the 
lipid transition of the native membrane in the present 
work occurred at lower temperature, between 25-39” C, 
which is suitable for activities of Mg2’-ATPase of the 
native membrane. We conclude that the inactivity of the 
enzyme at higher temperature (T,,) is caused by denatu- 
ration of membrane-associated Mg2’-ATPase rather 
than lipid transition. 
Acknowledgements: Wewould like to thank Mrs. Chen Xiao-Hong for 
technical assistance and Dr. Hu Cuiqing for review of the manuscript. 
This project was supported by the National Natural Science Founda- 
tion of China and National Laboratory of Biomacromolecules. 
255 
Volume 322, number 3 FEBSLETTERS May 1993 
REFERENCES 
[l] Reinert, J.C. and Steim, J.M. (1970) Science 168, 1580-1582. 
[2] Jackson, M.B. and Sturtevant, J.M. (1977) J. Biol. Chem. 252, 
4749475 1. 
[3] Sturtevant, J.M. (1977) Proc. Natl. Acad. Sci. USA 74, 2236- 
2240. 
[4] Kresheck, G.C., Adade, A.B. and Vanderkooi, G. (1985) Bio- 
chemistry 24, 1715-1719. 
[5] Biltonen, R.L. and Freire, E. (1978) CRC Crit. Rev. Biochem. 5, 
85-124. 
[6] Sami, M., Mahk, S. and Watts, A. (1992) Biochim. Biophys. Acta 
1105, 148154. 
[7] Lysko, K.A., Carlson, R., Taverna, R., Snow, J. and Brandts, F. 
(1981) Biochemistry 20, 5570-5576. 
[8] McElhaney, R.N. (1986) Biochim. Biophys. Acta 864, 361421. 
[9] George, R., Lewis, R.N.A.H. and McElhaney, R.N. (1990) Bio- 
them. Cell Biol. 68, 161-168. 
[lo] Chen, J.W., Sun, Q. and Hwang, F. (1984) Biochim. Biophys. 
Acta 777, 151-154. 
[111 
WV 
1131 
P41 
El51 
P61 
[I71 
WI 
Pollack, J.D., Rasin, S. and Cleverdon, R.C. (1965) J. Bacterial. 
90, 617622. 
Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. 
(1951) J. Biol. Chem. 193, 265-275. 
Brasitus, T.A., Tall, A.R. and Schachter, D. (1980) Biochemistry 
19, 12561261. 
Cramer, W.A., Whitmarsh, J. and Low, P.S. (1981) Biochemistry 
20, 157-162. 
Jackson, W.M., Kostyla, J., Nordin, J.H. and Brandts, J.F. 
(1973) Biochemistry 12, 3662-3667. 
Vanderkooi, G., Adade, A.B. and Kresheck, G.C. (1985) Bio- 
chemistry 24, 1715-1719. 
Ne’eman, Z., Kanane, I. and Razin, S. (1971) Biochim. Biophys. 
Acta 249, 1699176. 
Bevers, E.M., Snoeh, G.T., op den Kamp, J.A.F. and Van 
Deenen, L.L.M. (1977) Biochim. Biophys. Acta 467, 346356. 
256 
